Several hydrolytic enzymes (porcine liver esterase, lipase from wheat germ type I, and the lipase from rhizopus javanicus) efficiently deacetylate laevoglucosane triacetate (2) with good regioselectivity into diacetylated laevoglucosane derivatives (3-5).
Introduction
All enzyme mediated deacylations in the monosaccharide field have been limited to regiospecific deac(et)ylations of pyranoses [2-8] of 4 Q conformation and to stereospecific deacetylations of furanoid a-acetoxy lactones [9] , 1,6-Anhydro sugars are valuable synthetic intermediates for the preparation of complex oligosaccharides, amino or fluoro sugars [10] [11] [12] since this class of carbohydrates provides simultaneous protection of the anomeric and the primary hydroxyl group of the monosaccharide. Although there are high yield approaches to 1,6-anhydro-/3-D-glucopyranose (I) and its triacetate (2) [10, 13, 14] the synthesis of partially esterified derivatives of 1 remains an open problem. Partial acylations as well as partial deac(et)ylations lead only to small amounts of predominantly 2,4-diac(et)ylated compounds [15 -17] and much often complex mixtures consisting of mono-, di-, triacylated and 1 are obtained [17] .
Results and Discussion
Synthesis of the various laevoglucosane diacetates (3), (4), and (5), respectively, involve many steps and provide low yields of the products [19] [20] [21] . Very recently an enzymic deacetylation of 1 was reported, but the pH's had to be different from those which would be optimal for the enzymes used in order to eliminate chemical deacetylations. This resulted in prolonged reaction times [22] . To circumvent these disadvantage, several other, commercially available, enzymes were investigated (Fig. 1 Verlag der Zeitschrift für Naturforschung, D-7400 Tübingen 0932-0776/88/1100-1355 /$ 01.00/0 2 showed rapid deacetylation on incubation with WG, AP6, PLE, PF, P, and F (pH = 7, 0.1 M phosphate buffer, ambient temperature), whereas CC, PPL, CV, and PAP showed no reaction after 4 h. The other enzymes and LY gave only traces of deacetylated products even after 7 h. Therefore the reactions with AP6, F, PF, P, PLE, and WG were investigated in more detail. P and PF showed the slowest reactions in this comparative study yielding predominantly 2,3-di-0-acetyl-l,6-anhydro-y3-D-glucopyranose (3). Only about 5% of each 3,4-di-0-acetyl-l,6-anhydro-/?-D-glucopyranose (4), and 2,4-di-0-acetyl-l,6-anhydro-/3-D-glucopyranose (5), but no monoacetylated products could be found even after prolonged reaction time (60 h). Deacetylation with F proceeded slowly, too, and yielded a 1:3 mixture of 3 and 4 (together 55 -62%), and minor amounts of monoacetylated products (3-5%) but only traces of 5 which, in turn, was the main product (67%) in the reaction of 2 with WG. Treatment of 2 with AP6 gave mainly 3 (54%) with ca. 8-10% of each 4 and 5 as the byproducts, whereas PLE mediated hydrolysis resulted predominantly (69%) in the formation of 3 after 48 h of reaction time; only minor traces (1-2%) of 5 and ca. 15% of a mixture of the mono acetylated laevoglucosans could be detected.
In this way, utilizing the different regioselectivities of the enzymes, 5 was synthesized on a preparative scale by treatment of 2 with WG, whereas hydrolysis of 2 with F gave 4 and the corresponding enzymic reaction with PLE resulted mainly in the formation of 3. With respect to the good regioselectivities of these hydrolyses, their yields, and the facile procedure, this enzymic approach seems to be more appropriate than base-or acid mediated hydrolyses.
Experimental
Melting points were measured in capillary tubes and are uncorrected (Tottoli-apparatus). T.l.c. was performed on silica gel (Merck, Darmstadt, FRG) with detection by charring with 5% vanillin in conc. sulfuric acid. Optical rotations were determined with a Perkin-Elmer 141 Polarimeter. The 'H NMR spectra were taken in C 6 D 6 (tetramethylsilane was the internal standard) on a Bruker WH 90 instrument. All enzymes are commercially available: PLE, PPL, CC, WG, RA, CW, and PAP from Sigma (FRG), all other enzymes from Amano (FRG). LY was prepared from saccharomyces cerevisiae Hansen (Reininghaus Co Ltd., Austria) by the procedure given in ref. [23] . In a typical experiment 1.0 g (3.47 mmol) of 2 and the enzyme (0.5 g, F or WG, for PLE ca. 250 units) were suspended in 60 ml of 0.1 M phosphate buffer (pH = 7) and vigorously stirred. The pH was kept constant throughout the reaction by addition of 1 M NaOH from an autoburette. The reactions were monitored by t.l.c. (hexane/ethyl acetate = 1/3 v/v; r F (2) = 0.65, r F (3) = 0.31, r F (4) = 0.40, and r F (5) = 0.49) and after disappearance of 2 worked up by extraction with ethyl acetate (5x100 ml). After drying (Na 2 S0 4 ) and filtration over a Celite pad, the solvent was evaporated and the residue subjected to flashchromatography on silica gel with ethyl acetate/hexane = 3/1 v/v: 108, 6421 (1986).
3.4-Di-O-acetyl-l,6-anhydro-ß-D-glucopyranose

